Abstract：In this study, visual investigation of sprays and flames has been performed and soot formation in Diesel and GTL fuels has been compared in a specially designed Rapid Charging Combustion Vessel (RCCV) under various ambient gas O2 concentrations and two injection pressures. It has been concluded that soot in the mixing-controlled combustion of Diesel and GTL fuels has similar tendency to be formed in the leading portion of the jet boundaries.
Introduction
Soot formed in reacting fuel jets is a GTL has higher cetane number and lower auto-ignition temperature. It also has a different distillation curve compared with that of diesel fuel [1] . Most of the work on GTL fuel which has been done so far in IC engine field is related to the fuel property characterization and emission testing [2] - [4] . According to these studies, if GTL fuel is utilized the soot emission level generally tends to decrease by about 30%.
Since the physical properties of GTL fuel differ from those of diesel fuel to some extent, it is required to study how these differences in properties of GTL and diesel fuels affect spray and combustion as well as soot formation in diesel engines.
The current work presents experimental results of qualitative analysis on effects of ambient gas   concentration and fuel injection pressure on soot formation in GTL fuel jets. The visualization of soot formation in GTL and diesel fuel jets was implemented using high-speed shadowgraphy method.
Fuel Properties
There are several types of GTL fuel produced with different properties. In this study Shell's GTL fuel was utilized. Some properties of GTL and diesel fuels are represented in 
Table 1 Fuel properties
The most importantly, GTL fuel has extremely low content of polycyclic aromatic hydrocarbons (PAH) and sulfur.
The sulfur content of the GTL diesel is less than 5 ppm [5] . Therefore, when GTL fuel is used in a diesel engine, it may contribute to soot reduction, because it is generally agreed that PAHs are important precursors of soot particles. The combustion chamber has two round quartz windows (Ø 70mm) and two square 
Experimental Procedure

Results and discussion
Auto-ignition delay
The difference in auto-ignition delay for diesel and GTL fuels is depicted on Fig. 6 .
The auto-ignition delay for GTL fuel is about 125 shorter than that of diesel fuel. The increase in GTL auto-ignition delay time is due to the higher cetane number of GTL fuel. The previous work done by other researchers showed that cetane number increased linearly with the increase of a GTL fraction and auto-ignition delay reduced with about equal time increment [6] . reduced from 21% to 15% soot concentration tended to increase, and soot decreased from 15% to 12% of ambient gas oxygen concentration [7] . In Fig. 10 shadowgraph images of soot formation regions in the diesel fuel jet show distinct density gradients formed in the leading portion of the jet boundaries.
Relation between soot formation and heat release
These results are in close agreement with the conceptual model of soot formation in diesel fuel jets [14] . It was found that soot concentration is gradually reduced in GTL fuel jets. The results show that with the higher fuel injection pressure soot formation intensity is reduced in diesel fuel jets. In case of GTL fuel, the concentration of soot was barely visualized for both injection pressures. With the reduction of oxygen mass fraction in the ambient gas, it was more difficult to visualize soot for both, diesel and GTL. It is because in the diluted ambient gas the chemical reactions slow down causing the increased ignition delay, and it takes more time for the fuel to evaporate and reach the combustible limit. It is confirmed that injection pressure has a low scale effect on the soot formation in diesel combustion. However, reducing   concentration of ambient gas can greatly influence the soot formation. In Figure 11 it can be seen that at 16% of ambient gas   concentration and 90MPa injection pressure for diesel fuel soot has a tendency to increase, however with the increase of injection pressure to 135MPa soot is noticeably reduced. In GTL fuel jets very low density gradients were observed indicating very low soot formation. In Figure 12 , at 12% of ambient gas   concentration, some dark zones can be visualized in the diesel and GTL fuel jets along the entire spray and combustion process. However, these dark zones are believed to be not yet evaporated fuel due to the reduced oxygen in the ambient gas, which caused the increase of ignition delay period as well as the decrease of combustion temperature.
Nevertheless soot concentra-tion at the tip of the jets for both fuels was significantly low, compared with the conditions at 21% and 16% of oxygen concentration.
It has been a concern that in diesel fuel combustion the soot emission level may increase due to the decrease in the ignition delay period. However, it is different for GTL fuel. Although the GTL cetane number is higher than that of diesel fuel, meaning that ignition delay period is shorter, the soot emission level of GTL tends to decrease. This happens because GTL has very low content of sulfur and aromatics
. The fuel sulfur is believed to be a source for Polycyclic Aromatic Hydrocarbons (PAH)
[15]- [20] , and PAH are the soot precursors [21] .
Thus, the effect of the negligibly small aromatics and sulfur content of GTL outweighs the effect of the increased diffusion combustion fraction due to the shorter ignition delay.
Conclusion
The results of this research provide a 
